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Abstract:- Polymer blend electrolyte films, based on polyvinyl chloride (PVC), polyethylene oxide 
(PEO) as a host polymer complexed with lithium perchlorate (LiC10 4 ) as salt were prepared using 
solution - casting technique. Tetrahydrofuran (THF) was used as a solvent. The complexations of 
these films were examined by Fourier transform infrared (FTIR) spectroscopy. The increase in 
amorphicity with increase in PVC content was observed through XRD studies. The ionic 
conductivities of the prepared samples were measured using AC impedance analyser in the frequency 
range of 1Hz - 10MHz. Among the three blend ratios studied, PVC (37.5%) - PEO (37.5%) - LiC10 4 
(25%) exhibited a maximum ionic conductivity as 6.5 x 10" 6 Scm" 1 at room temperature. This was 
supported through XRD, FTIR and SEM studies. 
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I. INTRODUCTION 

The field of polymer engineering has become the driving force in the advances in battery technology 
with the emergence of the 21 st century. This requires the availability of solid polymer electrolyte films with 
adequate conductivity, good mechanical property, electrochemical stability and ease of processing [1, 2]. The 
most commonly studied solid polymer electrolyte membranes are complexes of Li salts with a high molecular 
weight polyethylene oxide (PEO) [3]. PEO excels as a polymer host because of its high solvating power for 
lithium ions and its compatibility with the lithium electrode [4]. However, high ionic conductivity (10" - 10~ 4 
Scm" 1 ) of most PEO - based polymer electrolytes is achieved at the temperature range of 80 - 100 °C [3 - 7], 
while at low temperature PEO exhibits low conductivity (10~ 7 - 10" 8 S/cm) because of the high crystallinity of 
PEO [6, 7]. 

Many intensive efforts have been devoted to increase the ionic conductivity of PEO - based polymer 
electrolytes [8]. The most common method is the addition of liquid plasticizers to the polymer matrix. This 
plasticized polymer electrolytes, exhibit higher ionic conductivity of the order of 10" 3 Scm" 1 [9]. But the 
plasticized polymer electrolytes have drawbacks such as solvent volatility, increased reactivity with lithium 
metal electrode and poor mechanical properties at high degree of polarization [8]. 

To overcome the drawbacks of liquid plasticizers, there are other methods to increase the ionic 
conductivity of PEO - based solid polymer electrolytes. It is by the introduction of inorganic fillers such as 
Si0 2 , A1 2 3 , Ti0 2 etc., [10 - 15]. 

Polymer blending is one of the most feasible techniques for the above said purpose. This technique has the 
advantages from other techniques like easy preparation and control of the physical properties within the 
miscibility compositional regime [16 - 19]. In the present work, we have made an attempt to prepare and 
characterize PVC - PEO based blend polymer electrolyte membrane complexed with LiC104. 

The polymer PVC is chosen for blending because of its excellent miscibility and compatibility 
properties with various low or high molecular weight polymers as well as providing good mechanical strength. 
This is due to its lone pair of electron from the chlorine atom which can act to stiffen the backbone of the 
polymer. Besides, the inexpensive PVC can well solvated with the inorganic salts [20, 21]. 
Polyethylene oxide is the most widely used interesting material because of its high chemical and thermal 
stability. PEO is a semi -crystalline polymer, possessing both amorphous and crystalline phases at room 
temperature [22]. Lithium perchlorate (LiClO^ is chosen as it fulfils the electrochemical stability criteria and it 
has a low lattice energy (723 KJmol" 1 ) which is favourable for polymer - salt complexation [23]. 

In this work, the weight ratio of LiC10 4 remains fixed in all the samples and the PVC is blended with 
PEO and their composition is varied at different weigh ratios, so that we can find the optimum ratio of PVC and 
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PEO that exhibits the highest ionic conductivity. The structural (XRD), complexation (FTIR), morphological 
(SEM) studies of these polymer blend electrolytes with different weight ratios of PVC and PEO are reported. 

II. EXPERIMENTAL 

A. Materials 

In this study, PVC with an average molecular weight of 45,000 gmol" 1 (Aldrich, USA), PEO with an 
average molecular weight of 1,00,000 gmol" 1 (Alfa Aeson, India), inorganic salt LiC104 (Aldrich, USA) and the 
solvent tetrahydrofuran (Merck, India) were used without any further purification. Solvent casting technique 
was employed to prepare the polymer blend electrolytes used in this study. 

B. Preparation of Polymer Blend Electrolytes 

Different weight ratios of PVC/PEO blend and LiC10 4 were dissolved separately in THF and these 
solutions were then mixed together and stirred for 24 hours at room temperature to obtain a homogenous 
mixture. The solution was then poured into a petri dish and allowed to evaporate at room temperature for one 
day. Then the samples were placed inside a vacuum oven at 65°C for 24 hours to remove any traces of solvent. 
This procedure yields mechanically stable and free standing fdms of average thickness of the order of mm. The 
compositions of the fdms are PVC (25%) - PEO (50%) - LiC10 4 (25%), PVC (37.5%) - PEO (37.5%) - LiC10 4 
(25%) and PVC (50%) - PEO (25%) - LiC10 4 (25%). 



C. Characterization Techniques 

The amorphicity of polymer blend electrolytes was investigated using XRD. The XRD patterns were 
recorded using XPERT - PRO system, over the range of 29 from 10° to 80° at room temperature. FTIR analysis 
was performed with SHIMADZU - 8400S FTIR spectrometer in the wave number region between 4000 cm" 1 
and 400 cm" 1 , with a resolution of 4 cm" 1 . The surface morphology was investigated through Scanning Electron 
Microscopy. The SEM images were obtained using HITACHI system. The impedance measurements were 
performed using a computer based phase sensitive multimeter (PSM 1735) in the frequency range of 1 Hz to 10 
MHz at room temperature. The measurements were done by sandwiching the electrolyte film between two 
golden plated electrodes. 

III. Results and Discussion 

A. X - ray Diffraction Studies 

The X-ray diffraction patterns of pure PVC, PEO, LiC10 4 and their complexes are shown in figures 
from 1(a) to l(j) respectively. The X-ray diffraction pattern for PVC is shown in Fig. la. PVC generally 
exhibits an amorphous phase [24], but some of the crystalline peaks are observed at 16.6° and 25.4° of 28 for the 
sample used in the present study. The incorporation of lithium salt into the PVC matrix causes a shift in the 
Bragg peaks from 16.6° to 17° and from 25.4° to 26.3° as observed in Fig. Id. This behaviour demonstrates that 
the complexation has occurred between the salt and the polymer [25, 26]. 



Table I: Values of crystallite size (D P ), Bragg's angle (29) and FWHM (P) for PEO and PVC - PEO blen ds 



Sample Name 


26 (deg) 


P (rad) 


Dp (nm) 


Pure PEO 


23.2 


0.0115 


12.850 


PVC (25%) -PEO (50%) 


23 


0.0174 


8.490 


PVC (37.5%) - PEO (37.5%) 


23 


0.0218 


6.776 


PVC (50%) -PEO (25%) 


26 


0.0218 


6.815 



The XRD pattern of pure PEO is shown in Fig. lb which contains two strong crystalline peaks at 19.1° 
and 23.2°. The higher intensity of these diffraction lines is suggesting that the PEO is intrinsically crystalline 
polymer with high crystallinity [27]. The intensity of these peaks of crystalline PEO decreases with increasing 
PVC content as shown in figures l(e - g). The PEO peaks become relatively broader as well as less 
prominent/feeble when the PVC content is greater than PEO in the blend. Thus, the higher PVC content 
supports the increase of the amorphous nature of PVC-PEO blends [28]. 

The diffraction pattern of pure LiC10 4 is shown in Fig. lc. The presence of sharp diffraction peaks in 
LiC10 4 indicates the crystalline nature of the salt. In the Fig. lc, a strong peak is observed at 31.6° and the 
minor peaks are found at 35.8° and 39.6°. The absence of these sharp peaks pertaining to LiC10 4 is observed in 
the XRD patterns of polymer blend complexes as shown in figures l(h - j), and there is no additional peaks 
observed in the complex which confirmed the complexation of lithium salt with PVC - PEO blend electrolyte 
[29]. 
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Fig. 1: XRD Pattern of a) Pure PVC, b) Pure PEO, c) Pure LiC10 4 , d) PVC - LiC10 4 , e) PVC (25%) - PEO 

(50%), 
f) PVC (37.5%) - PEO (37.5%), g) PVC (50%) - PEO (25%), h) PVC (25%) - PEO (50%) - LiC10 4 , 

i) PVC (37.5%) - PEO (37.5%) - LiC10 4 , j) PVC (50%) - PEO (25%) - LiC10 4 

The crystallite size (D p ) has been calculated for PEO and its blends with PVC using Scherrer's formula 



_ 0.941 
p p 1/2 cosB 



..(1) 



And their values are given in Table I. □ is the X-ray wavelength. The values of 2D and FWHM (□) 
are also included in the table. It can be seen from the values of crystallite size that the crystallinity of pure PEO 
was decreasing on blending with pure PVC. The reduction of crystallinity is found to be higher for the blend 
PVC (37.5%) - PEO (37.5%) which in turn being more amorphous than pure PEO and the other blends. 



B. FTIR Spectroscopy 

The FTIR spectrum of pure samples of PVC, PEO and LiC10 4 are given in Fig. 2. It also includes the 
spectrum of polymer electrolyte PVC - LiC10 4 and polymer blend electrolyte PVC - PEO - LiC10 4 . The 
vibrational peaks of all the samples are given in Table II along with the vibrations of constituent groups of 
polymer and salt. 

The recorded FTIR spectrum of pure PVC in Fig. 2a is comparable with earlier reports of Rinaldi et al., 
[30] and Rajendran et al., [29]. The PVC spectrum consists of CH 2 asymmetric stretching vibration modes at 
2972 cm" 1 and 2910 cm" 1 . The symmetric CH 2 stretching vibration is observed at 2868 cm" 1 . The intense peak 
at 1425 cm" 1 is due to the deformation of CH 2 . The CH 2 wagging and CH 2 twisting is observed at 1253, 1332 
and 1 197 cm" 1 . The C - C stretching vibration is occurred at 1064 cm" 1 and CH 2 rocking vibration is appeared at 
962 cm" 1 and the stretching mode of C - CI is at 692, and at 615 cm" 1 . 

The FTIR spectrum of pure PEO is shown in Fig. 2b and it has CH 2 asymmetric stretching vibration 
peak at 2922 cm" 1 . The CH 2 symmetric stretching vibration peak is observed at 2856 cm" 1 . The weak 
absorption peaks at 1735 cm" 1 corresponding to C = O stretching and C = C stretching vibration at 2376 cm" 1 are 
observed. The vibration peak at 1462 cm" 1 corresponds to the CH 2 deformation and the peaks at 1344, 1228 cm" 
1 are corresponding to CH 2 wagging vibrations of PEO. The crystalline PEO phase in the XRD is confirmed by 
the presence of triplet peak of the C - O - C stretching vibration at 1 101 cm" 1 [31]. The presence of two peaks 
at 960, 842 cm" 1 are the characteristic peaks in supporting the gauche conformation of [-CH 2 -CH 2 -] group as 
needed for a helical conformation of pure PEO [26]. 



Ta ble II: The vibrational modes and their assignment for PVC, PEO, LiClQ 4 and PVC - PEO - LiClQ 4 syst ems 
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FTIR spectrum of pure LiClC<4 is shown in Fig. 2c. The peak observed at 630 cm" corresponds to coordinated 

CIO4 ion vibration. 

The FTIR spectrum of the sample PVC (75%) - LiC10 4 (25%) is shown in Fig. 2d. A close look on 
Fig. 2a and Fig. 2d reveals that the CH 2 symmetric vibration of pure PVC found at 2868 cm"' is absent for PVC 
- LiC10 4 complex. The intense CH 2 deformation observed at 1425 cm" 1 for PVC is shifted to 1435 cm" 1 and 
CH 2 wagging deformation peaks observed at 1332, 1197, 962 cm" 1 in PVC are shifted to 1330, 1193, 964 cm"' 
for the complex. These observations indicated a good complex formation between PVC and LiC10 4 . 

The FTIR spectra of the blends for different weight ratios of PVC and PEO are given in figures 2(e - 
g). The intense CH 2 asymmetric vibration peak of PVC becomes broader against the increase of PEO content. 
The CH 2 symmetric vibration peak 2868 cm"' of PVC is disappeared for the blend PVC (25%) - PEO (50%) and 
shifted to 2893 cm" 1 for PVC (37.5%) - PEO (37.5%). It is shifted to 2887 cm" 1 for PVC (50%) - PEO (25%). 
The weak C = O stretching vibration peak 1735 cm" 1 of PEO is shifted to 1728 cm" 1 for PVC (37.5%) - PEO 
(37.5%) and it is disappeared for PVC (50%) - PEO (25%). Further, the C = O stretching peak is shifted to 
1724 cm" 1 for PVC (25%) - PEO (50%). The CH 2 deformation peak observed at 1425 cm"' for PVC is shifted to 
1465 cm"' for the blend PVC (25%) - PEO (50%) and to 1467 cm" 1 for PVC (37.5%) - PEO (37.5%). But for 
the blend PVC (50%) - PEO (25%), the said peak has not shifted and appeared with reduced intensity. Thus, 
the blend PVC (37.5%) - PEO (37.5%) is found to be more compatible as all the vibrational modes of PVC 
undergo a significant shift in this composition. It can also be stated that there is complexation between PVC and 
PEO and it is stronger for the said composition of PVC (37.5%) and PEO (37.5%) of the blend. 



I 
1 

I 
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Fig. 2: FTIR Spectra of a) Pure PVC, b) Pure PEO, c) Pure LiC10 4 , d) PVC - LiC10 4 , e) PVC (25%) - PEO 

(50%), 
f) PVC (37.5%) - PEO (37.5%), g) PVC (50%) - PEO (25%), h) PVC (25%) - PEO (50%) - LiC10 4 , 

i) PVC (37.5%) - PEO (37.5%) - LiC10 4 , j) PVC (50%) - PEO (25%) - LiC10 4 



The spectra of PVC - PEO polymer blends with LiC10 4 complexes are shown in 
figures 2(h - j). A comparison of Fig. 2(e - g) and Fig. 2(h - j) shows that there is complex formation between 
PVC - PEO blend and the lithium salt. The CH 2 asymmetric vibration peak 2910 cm" 1 of PVC is observed for 
each polymer blend electrolytes but their intensity decreases with the increase of PVC content. The observed 
CH 2 deformation peak 1425 cm" 1 of the blends is shifted to lower frequency due to the addition of salt. The C - 
O - C stretching vibration peak 1097 cm" 1 of PVC - PEO blends is shifted to 1093 cm" 1 and becomes broader 
for PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%). The CH 2 rocking vibration peaks at 962 and 842 cm" 1 of 
PVC - PEO blends are shifted to 954, 837 cm" 1 for PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%) and to 956, 
835 cm" 1 for the other ratios of PVC and PEO. Similarly, the C - CI stretching vibration peaks 692, 636 cm" 1 of 
PVC - PEO blends are shifted to 688, 623 cm" 1 for PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%) and to 680, 
624 cm" 1 for the other ratios of PVC and PEO. 

From the above observed changes in the vibrational frequencies of CH 2 asymmetric vibration, 
deformation, C - O - C stretching and C - CI stretching of PVC it can be stated that there is complex formation 
between the blends and LiC10 4 salt. Also, there is interaction between the Li + ions and the ether oxygen of PEO 
which forms the transient cross linking complex which weakens C - O - C vibrations and decreases the 
crystallinity of PEO [32]. 

C. SEM Studies 

The electronic properties of PVC/PEO films are intricately linked to the morphology; a smoother, more 
dense fdm will generally be more conductive, as it is likely to be less porous and more ordered, which can 
facilitate charge transport through the fdm. In trying to understand the role that the ionic conductivity plays in 
producing such electrochemically active polymer fdms, electron microscopy is used to investigate the surface 
morphology [33]. 

The surface morphology of PVC - PEO polymer blends and their complexes with LiC10 4 are given in 
Fig. 3a - 3f. Pure PVC shows a smooth surface morphology where as PEO with a rough surface having several 
crystal domains as observed by Wenjing Li et al. [34] and Yan-Jie-Wang et al. [35] respectively. 
The Fig. 3a shows the micrograph of PVC (25%) - PEO (50%). The Fig. 3b is the SEM image of PVC (37.5%) 
- PEO (37.5%) blend, which shows a smooth surface morphology when compared with that of earlier system. 
This indicated the disappearance of the PEO crystalline phase in the blend. The micrograph given in Fig. 3c is 
of the blend PVC (50%) - PEO (25%) which had different size of pores in smooth surface. These pores are 
corresponding to the interconnected networks of polymers which would be created due to the solvent 
evaporation [27]. 
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Fig. 3: SEM images of a) PVC (25%) - PEO (50%). b) SEM image of PVC (37.5%) - PEO (37.5%), 



c) SEM image of PVC (50%) - PEO (25%), d) SEM of PVC (25%) - PEO (50%) - LiC10 4 (25%), 

e) SEM of PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%), f) SEM of PVC (50%) - PEO (25%) - LiC10 4 (25%) 

The micrographs of blended polymer electrolyte PVC - PEO - LiC104 with different ratios of PVC and 
PEO are shown in figures 3d to 3f. 

The micrograph given in Fig. 3d is of PVC (25%) - PEO (50%) - LiC10 4 (25%). It shows a smooth 
surface with micropores which indicates the immiscibility of PVC with PEO and LiC10 4 . This has led to a 
lower ionic conductivity 1.68 x 10~ 9 Scm" 1 . This observed lower ionic conductivity can be attributed to the 
presence of lesser number of pathways for ion transportation. 

The SEM micrograph of PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%) is given in Fig. 3e and it shows 
a smooth surface with more craters of different sizes. This is due to the favour of the formation of free ions in 
the system due to increased concentration of PVC form 25 wt% to 37.5 wt% and decreased concentration of 
PEO from 50 wt% to 37.5 wt%. This change in concentrations of PEO and PVC has unfavoured the ion pair 
formation and favoured the complex process of interaction between the tetrahydrofuran, LiC10 4 , PVC and PEO 
during the evaporation [26, 36, 37, 38]. Thus, the enhancement in porosity/craters has been attributed to the 
enhancement of free ion formation and hence to the enhancement of ionic conductivity from 1 .68 x 10~ 9 Scm" 1 to 
6.5xlO" 6 Scm _1 . 

Further increase of PVC content to 50 wt% and the reduction of PEO content to 25 wt% in the PVC - 
PEO - Li00 4 system have resulted in the reduction in ionic conductivity from 6.5 x 10" 6 Scm" 1 to 3.65 x 10" 9 
Scm" 1 . The micrograph of the said system given in Fig. 3f shows a surface morphology with pores and cracks 
of different sizes. But the number of pores and cracks are lesser when compared with the previous system 
which showed a higher ionic conductivity. This is due to the unfavour of the formation of free ions in the 
system due to the increase of PVC concentration from 37.5 wt% to 50 wt% and the decrease of PEO 
concentration from 37.5 wt% to 25 wt%. As the interaction among the species, PEO, PVC, LiC10 4 and 
tetrahydrofuran, is concentration dependent, the change in the concentration of polymers has reduced the free 
ion formation and their transportation due to the alteration in the phase of the system. 

A close look on the micrographs reveals that the surface roughening decreases gradually against the increase of 
PVC content. This is attributed to the fact that PVC has served as a plasticizer for PEO as concluded in FTIR 
and XRD studies. The difference in morphology of the fdms is consistent with the significant differences in the 
ionic conductivities of these fdms. 

D. Ionic Conductivity Studies 

The impedance spectra of polymer blend electrolytes with different compositions are shown in Fig. 4(a 
- d). The impedance plots comprise of distorted semicircle in high frequency region followed by an inclined 
spike in the lower frequency region. The semicircle is due to bulk properties and the spike is to the ion diffusion 
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in polymer electrolyte. The intercept of semicircle with real axis in the low frequency region gives rise to bulk 

resistance R of the material. 

The ionic conductivity of PVC - PEO - LiC10 4 systems is calculated by the following equation 

...(2) 



t 

R b A 



Where t is the thickness of the sample, A is the area of the electrode and R b is the bulk resistance of the 
material. It is evident from the Cole-Cole plots of polymer blend electrolytes with different compositions of 
PVC and PEO that the intercept of the semicircle (bulk resistance) on the real axis decreases as well as increases 
with increasing composition of PVC. It has been found that the ionic conductivity has been enhanced at a 
particular composition of PVC and PEO and has been suppressed at the other compositions. 
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Fig. 4: 



(a) 



Fig. 5: Frequency dependence spectrum of PVC 
PEO - LiCl0 4 system 



AC Impedance Plots for a) PVC - 
LiCl0 4 , 

b) PVC (25%) - PEO (50%) - LiC10 4 (25%) 

c) PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%), 

d) PVC (50%) - PEO (25%) - LiC10 4 (25%) 

According to the previous reports, the conductivity of pure PVC is of the order 10~ n Scm" 1 and pure 
crystalline PEO is of 10~ 9 Scm" 1 [30]. Pure PEO has crystalline degree at room temperature [39]. It implies that 
PEO based polymer electrolyte has a very low ionic conductivity at room temperature. The amorphous phase 
contributes to the conductivity and the material has better ionic conductivity. 

The ionic conductivity of the sample PVC (25%) - PEO (50%) - LiC10 4 (25%) has been determined as 
1.68 x 10" 9 Scm" 1 . When the PVC content is increased to 37.5% followed by a reduction in the PEO content 
from 50% to 37.5% the conductivity increases to 6.5 x 10" Scm" 1 . The increase in ionic conductivity with the 
increase of composition of PVC is attributed to a reduction in crystallinity of PEO. The coordination 
interactions of the ether oxygen of PEO with Li + cations which result in a reduction in crystallinity of PVC/PEO 
mixture are responsible for the increase in ionic conductivity. The interactions between Li + cations and polymer 
blends have been proved by FTIR analysis. A polymer chain in the amorphous phase is more flexible which 
results in an increase in segmental motion of the polymer, which facilitates higher mobility of ions [22]. A 
reduction in crystallinity of PVC/PEO electrolytes at higher concentration of PVC can also be seen from the 
XRD analysis that shows a broadening and decrement in the intensity of Bragg's peaks which results in the 
dominant amorphous phase in the electrolytes. 

A further increase of PVC content to 50% in the PVC - PEO - LiC10 4 system shows a decrease in the 
ionic conductivity from 6.5 x 10" 6 Scm" 1 to 3.65 x 10" 9 Scm" 1 . The fall of ionic conductivity is due to excessive 
cross - linking effect which was reported by Kumara et al. [44]. When the loading of PVC is higher, it will lead 
to high degree of cross - linking between PVC and PEO which in turn increases the viscosity by forming 
entanglements within the polymer chain. Due to the entanglements, the favorable condition for ionic conduction 
(i.e., free voids) gets reduced which will restrict the mobility of charge carriers. This will lead to the decrement 
in the ionic conductivity of the polymer electrolyte. 

1) Frequency Dependent Conductivity: The conductivity is calculated as a function of frequency from the real 
and imaginary parts of the impedance data. Fig. 5 shows the frequency dependent conductivity spectra of PVC 
- LiC10 4 and PVC - PEO - LiC10 4 samples at room temperature. It is observed from the Fig. 5 that the 
frequency dependence of conductivity shows two regimes i) the low frequency plateau region and ii) the high 
frequency dispersion region. The low frequency plateau region corresponds to the frequency independent 
conductivity o (or) o dc . The value of o is obtained by extrapolating the plateau to the lower frequency [41]. 
The frequency dependence of conductivity in the high frequency dispersion region for polymer blend 
electrolytes at room temperature are analysed using the universal Jonscher's power law relation [42]. 
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o(co) = o + Aco 11 ...(3) 

Where o is the limiting zero frequency conductivity and A is the pre-exponential constant, co is the 
angular frequency and n is the power law exponent where < n < 1. Using the above equation, the fitting 
parameters c , A and n are obtained and is given in Table III. 

The values of o obtained from the Jonscher's power law relation are found to be almost equal to the 
values of conductivity obtained from the cole-cole plot and are given in Table III. Further, the value of o is 
higher for the system with equal content of PVC and PEO with LiCKD 4 when compared with the other 
compositions. This revealed that the variation of conductivity is reflected in the mechanism of charge transport 
and interactions among the charge carriers. According to the jump relaxation model [43], at low frequencies, 
ions jump from one site to its neighbouring vacant site. While at higher frequencies, due to the short time 
periods, the probability for ions to go fall back to their original sites increases. More hoping of ions is 
responsible for the higher conductivity in lower frequencies. 

Table III: Comparison of parameters obtained from fit the experimental data to c(co) = o + Aco" of 

PVC - PEO - LiC10 4 at room temperature 



Sample Name 


(Scm -1 ) 
obtained 

from 
cole-cole 

plot 


c (Scm -1 ) 


A 


n 


COp 


PVC - LiC10 4 


5.21 x 10 y 


4.395 x 10 - 
9 


9.96 x 10" 

13 


1.00 


4.412 x 
10 3 


PVC (25%) - PEO (50%) - LiC10 4 


1.68x10" 


1.59 x 10"" 


3.95 x 10" 

13 


1.029 


3.185 x 
10 3 


PVC (37.5%) - PEO (37.5%) - 
LiC10 4 


6.50 xlO" 6 


6.11 xlO" 6 


2.46 x lO- 
ii 


0.776 


8.960 x 
10 6 


PVC (50%) - PEO (25%) - LiCIO, 


3.65 x 10 y 


1.008x10" 

9 


8.90 x 10" 

13 


0.971 


0.920 x 
10 3 



The hopping frequency of the charge carrier (co p ) can be estimated by the following equation, 

•V = (?)''" -(4) 

The value of co p is used to analyze the charge carrier mobility - in PVC - PEO - LiC10 4 system. In the 
present study, the value of co p increased with the increase of PVC content from 25% to 37.5%, which indicated 
the enhancement of both the mobility of ions and the number of charge carriers. 

IV. CONCLUSION 

PVC - PEO based polymer blend electrolytes complexed with LiC10 4 were prepared using solution - 
casting technique at three different blend ratios. The structural properties of these films were examined by X - 
ray diffraction patterns and Fourier Transform Infrared (FTIR) Spectroscopy. XRD studies revealed the 
amorphous nature of the polymer - blend salt complexes. FTIR studies confirmed the complexation in polymer 
blend and blend electrolytes. The higher ionic conductivity at room temperature, 6.5 x 10" 6 Scm 1 , was observed 
for the system PVC (37.5%) - PEO (37.5%) - LiC10 4 (25%). This was supported through XRD, FTIR and 
SEM studies. The DC conductivity values estimated from Jonscher's power law and Cole -Cole plot were found 
to be almost equal. 
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